Introduction
Geriatric patients' health care is complex due to the physiological, pathological, and psychological changes that increase with advancing age. Both the pharmacokinetics and pharmacodynamics of most drugs can become altered in the geriatric population, and this may contribute to adverse health outcomes. Inappropriate prescribing for geriatric patients remains a serious and continuing challenge to the health care system in most developed and developing countries. Therefore, the assessment of prescribing for geriatric patients is crucial to identify potentially inappropriate prescribing. 1 The term submit your manuscript | www.dovepress.com
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najjar et al potentially inappropriate medications (PIMs) refer to highrisk medications used by the geriatric population. According to the 2015 American Geriatric Society (AGS) Beers criteria, appropriate prescribing by avoiding PIMs can improve geriatric care. PIMs, as listed in the Beers criteria, have been widely used by researchers over the past 25 years in geriatric patients as an interventional tool for health care providers to improve their prescribing patterns. 2 Unfortunately, some PIMs that should be avoided in geriatric patients were not included in the AGS 2015 Beers' criteria. Therefore, the screening tool of older persons' prescriptions (STOPP) criteria were developed to address some of these concerns. The STOPP criteria are based on an up-to-date literature review and consensus validation among a European panel of experts.
The STOPP cites 80 medications to be avoided, including drug-disease interactions and drug-drug interactions (DDIs), because they either lack efficacy or pose an unnecessarily high risk to geriatric patients when other safer alternatives are available. 3 The high prevalence rate of PIMs can be attributed to the fact that many physicians are not aware of PIMs problems. There is a need to improve physicians' and pharmacists' knowledge of drug therapy in geriatric patients to improve the performance of health care system and serve people using the system. 4 Pharmaceutical care may offer a promising strategy to improve the prescribing practice of physicians. Pharmacist-initiated interventions consist of a comprehensive evaluation of patients' medication profiles for achieving optimal treatment by avoiding inappropriate medication selection, inappropriate dose or dosage form, disease-drug interactions, and potential DDIs. 5 Clinical pharmacists can play an important role in detecting PIMs and recommending appropriate use of alternative medications to avoid adverse outcomes of inappropriate prescribing among geriatric patients. 6 A persistent lack of geriatric physicians and geriatric pharmacists is the major concern not only in Saudi Arabia but also in most of the developing and developed countries. This shortage may lead to several medical problems in prescribing among geriatric patients. 7 Also, using single intervention aimed at physicians might be less effective in reducing PIMs. 8 Combined intervention is more effective in minimizing PIMs prescribing among geriatric patients. 9 There is an overuse of PIMs in geriatric patients in Saudi Arabia due to lack of knowledge on the part of the physicians and clinical pharmacists. 10 Hence, the study hypothesized that educational and clinical pharmacists' interventions will reduce the incidence rate of PIMs among hospitalized geriatric patients. The main objective of this study was to assess the effectiveness of combined educational and clinical pharmacists' interventions on the incidence rate of PIMs among geriatric patients in the inpatient setting, based on the STOPP and Beers criteria.
Methods
Our study adopted an interventional methodology pre-test versus post-test design to evaluate the efficacy of a combined intervention to prevent PIMs use among hospitalized geriatric patients. The intervention in the current study consisted of two components: an educational and a clinical pharmacist intervention. This study was approved under protocol number SP 14/152 by the Institutional Review Board of King Abdulaziz Medical City (KAMC). Only physicians who agreed to sign the consent for participation in the study were enrolled in the study. Informed consent from patients was waived by the institutional review board. For the second phase, the informed consent of patients has been waived since the objective of this study was to minimize the risk of prescribing PIMs among geriatric patients. It is a routine clinical practice of clinical pharmacist to provide physicians their recommendations based on evidence-based guidelines. Also, there was no communication with patients and no follow-up visits were required once the patients were discharged. Anonymous data have been collected from the patients by the clinical research coordinator. The main outcome of this study was the change in the incidence rate of PIMs, as measured in the pre-intervention and the intervention groups. Based on the literature, the average of incidence rate of PIMs was 50% and the researchers were hoping to be able to decrease this to half after the combined intervention. 2, 11 Using an alpha of 0.05 and a power of 80%, the estimated number of geriatric inpatients to be included was 384. A random sample of 400 hospitalized geriatric patients who met the inclusion criteria was enrolled to serve as a pre-intervention group (200 patients) and an interventional group (200 patients). The pre-intervention phase was carried out to gather and review baseline data about the current prescribing pattern of PIMs for geriatric inpatients. In the pre-intervention phase, a prospective audit was performed on data obtained from the Hospital Information System at KAMC to identify PIMs among geriatric inpatients.
The second phase was an educational program consisting of one-hour, weekly educational lectures for one month in the Department of Medicine. The educational sessions are part of the continuing medical education (CME) program accredited by the Saudi Committee of Health Sciences to help health care practitioners to update their knowledge in the form of educational grand rounds. It is a weekly grand round lectures carried out by the head of geriatric medicine and two clinical pharmacists. Lectures involved the updated lists of STOPP and Beers criteria. The handbook designed for the study was distributed to the physicians at the end of the seminars. The third phase was the collaboration between clinical pharmacists and the prescribers who aimed to utilize the STOPP and Beers criteria to optimize prescribing among hospitalized geriatric patients. The clinical pharmacists offered all possible interventions that might prevent PIM prescribing; the interventions included auditing of the physicians orders and providing feedback and recommendations during medical rounds, reminders, and discussions with physicians. The interventions and recommendations were made by three clinical pharmacists working in the medical wards in KAMC hospital. The clinical pharmacists were trained before starting the current phase using the updated 2015 AGS Beers and 2014 STOPP criteria. The daily responsibilities of the clinical pharmacists started with screening the hospitalized geriatric patients by means of the hospital information electronic system to identify patients who met the inclusion criteria. Geriatric patients who were 65 years old and above and admitted to the medical wards for more than 24 hours were enrolled in the study except those admitted for elective surgery. Then, patients were identified who were receiving PIMs based on the STOPP and Beers criteria. Finally, the pharmacists recommended appropriate and safe medications, medications dosage adjustment, or withdrawal of PIMs that were better avoided in geriatric inpatients. The study was conducted from January 2015 to July 2016. To facilitate the clinical pharmacists' interventions, the authors of the study developed a pocket-sized handbook, "Handbook of PIMs Use Among Geriatric Patients ® ", as an intervention tool based on the updated guidelines on prescribing appropriate medications in hospitalized geriatric patients. This tool was tailored to the drugs available in the formulary of KAMC Hospital. The purpose of the handbook was to save physicians' time during clinical ward rounds and to improve their prescribing decisions. The study's investigator compiled the data of PIMs based on STOPP and Beers criteria only.
Results
Four hundred geriatric patients were enrolled in the study: 200 in a pre-intervention group (control) and 200 in the intervention group. After the combined intervention, the incidence rate of PIMs decreased significantly from 61% to 29.5% ( p,0.001). In general, all sociodemographic characteristics of geriatric patients, such as age, ethnicity, weight, smoking and alcohol consumption and family caregiver, did not significantly influence the PIMs rate before and after the clinical pharmacists' intervention. Similarly, there was no significant difference with respect to Charlson age-comorbidity index, frailty, activities of daily living, and polymorbidity ($4 diseases) before the baseline of the study. The highest percentage of chronic diseases observed was hypertension, diabetes mellitus, ischemic heart disease, heart failure, stroke, and chronic renal failure ( Table 1 ). The total number of medications prescribed among the Table 1 Comparison of sociodemographic characteristics of the geriatric inpatients (n=400) between pre-intervention and intervention groups during hospitalization
Patients' characteristics
Category
Pre-intervention n=200 n (%) Intervention n=200 n (%) (Table 2) . With regard to the PIMs and/ or medication classes to be avoided in geriatric patients with a particular disease or syndrome, patients with heart failure and receiving non-steroidal anti-inflammatory drugs (NSAIDs), cyclooxygenase 2 (COX-2) inhibitors or calcium channel blockers were the higher incidence rate (Table 3) . Table 4 includes the non-anti-infective PIMs that should be avoided or have their dosage reduced to varying levels of kidney function in geriatric inpatients (n=400) as per Beers criteria at pre-intervention and intervention groups. Of the 200 geriatric patients in the pre-intervention group, 110 (55%) received PIMs as listed in STOPP criteria and the incidence rate decreased to 31% patients after the combined intervention ( p-value ,0.05). Of the 110 hospitalized geriatric patients, 81 patients (40.5%) in our study were taking $2 PIMs. Table 5 shows the list of PIM incidence rates based on STOPP criteria before and after the combined intervention. 
Discussion
Geriatric pharmacotherapy is becoming more complex and has not been well investigated. Health care professionals, including physicians, receive insufficient education in geriatric pharmacotherapy during their residency programs. 4 Physicians' knowledge has a significant impact on the prescription of appropriate medications for geriatric inpatients. There is little published research regarding prescribing patterns for hospitalized geriatric patients in the medical wards setting worldwide, and in Saudi Arabia locally. The role of the physicians is becoming more challenging as they encounter both polymorbidity and polypharmacy among geriatric patients. In the current study, we found a significant relationship between PIMs and polymorbidity ( p,0.001) before the combined intervention. As most of the patients in 12 We found differences between the evidence-based guidelines for geriatric patients and the clinical practice of the study's physicians in the pre-interventional phase. Most of the hospital physicians are unaware of the inappropriate use of medications in hospitalized geriatric patients. 4 Hence, many previous studies have recommended the STOPP and Beers criteria in order to avoid PIMs among the geriatric population. 13 To optimize physicians' appropriate prescribing, there were educational and administrative interventions, or pharmacists' interventions. 13 Most studies in the literature recommend using multiple interventional approaches to avoid prescribing PIMs, for instance, educational programs or computerized alert systems on prescribed medications for geriatric patients. Thus, we conducted educational sessions, with a focus on clinical geriatric pharmacology, to improve geriatric pharmacotherapeutics; a clinical pharmacist intervention was applied simultaneously. Physicians' decision making has been found to be affected by CME, while administrative interventions focus on effective approaches to avoid inappropriate prescribing practices. In the US, evidence-based pharmaceutical judgment helps to educate physicians about updated pharmacogeriatric guidelines. 14 To acquire knowledge of geriatric pharmacotherapy, integration between theoretical knowledge and clinical practice is needed. The clinical pharmacist provided physicians with an evidence-based pharmaceutical care plan to recommend de-prescription of PIMs and give safe alternatives. In consistent with previous findings, the incidence rate of PIMs decreased significantly from 61% to 29.5% ( p,0.001). 15 Out of the 317 recommendations given by the clinical pharmacist, the physicians accepted a total of 196 (61.83%). The incidence rate of PIMs in our analysis was higher than that reported by earlier studies in other countries, which found that the incidence rate of PIMs ranged from 3.5% in France to 46% in Canada. 16, 17 There are several reasons behind the high incidence rate, and polypharmacy was the major risk factor of prescribing PIMs. Variable rate intravenous insulin infusion, which was previously known as SSI, was a very common PIM to avoid, based on the 2015 AGS Beers guidelines. About 37 (18.5%) of hospitalized geriatric patients received SSI at baseline, but the rate was reduced significantly to 13 (6.5%) in the intervention group ( p,0.001). This finding is similar to the results reported in a previous study in India, in which 31 (15.5%) of geriatric inpatients were on SSI. 18 Unfortunately, SSI is still widely used, despite evidence-based guidelines. We found a low adaptation to consensus recommendations, including the Beers criteria, showing an abuse of the SSI regimen as a single hypoglycemic treatment. These results are in line with other studies. First-generation antihistamines (eg, chlorpheniramine) were the commonly used PIMs among geriatric inpatients in our hospital. The incidence rate of first-generation antihistamine was reduced significantly from 32 (16.0%) before the interventions to 9 (4.5%) in the intervention group. In another study in Saudi Arabia, about 7.1% of geriatric patients were on chlorpheniramine. 6 The AGS 2015 Beers criteria contain a strong recommendation to avoid the use of benzodiazepines and also noted that shorter-acting are no safer than long-acting benzodiazepines. The incidence rate of benzodiazepines in our results (9.5%) was lower than that found in several studies in the literature. In Korea, about 42.5% of geriatric patients 
563
improving prescribing in geriatrics take benzodiazepines. 19 The reason for this reported by the authors was the high prevalence of delirium, dementia, and cognitive impairment of geriatric patients in their sample. Similar to our findings, about 10.8% of geriatric patients in the community setting of British Columbia, Canada received benzodiazepines. 20 Potentially inappropriate antipsychotics continue to be prescribed, despite no clear evidence-based indication and poor outcomes in geriatric patients. 21 We found that 13 (6.5%) of our patients received conventional and atypical antipsychotics at baseline. In India, 2.2% of hospitalized geriatric patients were on antipsychotics. 22 Similarly, only 1% of geriatric inpatients received an atypical antipsychotic before admission and 12% were discharged from the hospital on an atypical antipsychotic. 23 Potentially inappropriate psychotropic prescription in geriatric patients has become an important concern in developed countries antipsychotics (11.0%). 24 The second group of the Beers criteria is the medications to be avoided with specific diseases or syndromes. We found that the most common practice of prescribing PIMs for hospitalized geriatric patients diagnosed with heart failure involved NSAIDs and COX-2 inhibitors. About 13 (6.5%) of the geriatric patients diagnosed with congestive heart failure were on the NSAIDs diltiazem, verapamil, pioglitazone, and rosiglitazone. This incidence rate is consistent with a study conducted in India, which showed that 12.5% of geriatric patients who were admitted to a tertiary care hospital in India were on PIMs. 25 In contrast, our study showed a higher result than that found in a study conducted in the US, in which only 3.7% of geriatric patients with heart failure were on the NSAIDs and COX-2 inhibitors diltiazem, verapamil, pioglitazone, or rosiglitazone. 26 The reason for our high incidence might be the high rate of cardiovascular diseases; in particular, congestive heart failure was higher among geriatric patients in our sample. It is inappropriate to compare the incidence rates between the present study and previous studies because of the differences in various factors, such as different settings (ie, sample size, location, and duration of study), assessment parameters, and health care systems. Clinical drug therapy should be safe, effective, and appropriate for geriatric patients. In many previous studies, PIMs prescribing among geriatric patients following the STOPP criteria ranged from 21.4% in primary care settings to 49.5% in nursing home facilities. 27 Although there is agreement between the STOPP and Beers criteria in most of the recommendations, it is important to note the differences. The reasons for these may be due to the different prescribing patterns and the quality of medicine-based evidence between the US and Europe. Not all US medications are available in Europe and, therefore, Beers' criteria are ineffective and need new criteria to apply in the European countries. Also, several medications in Europe that have a high risk of adverse drug reactions in geriatric patients are not included in the Beers' criteria, which suggests that Beers criteria may be inadequate in their inclusion of medications linked to the common adverse drug reactions identified in geriatric patients. 28 The main difference between the Beers and STOPP criteria is the safe alternative treatment options of the STOPP criteria. 1 According to the STOPP criteria, PIMs are identified in 35%-77% of geriatric inpatients worldwide. 8 In contrast, a retrospective cohort study found that about 27.6% of the geriatric patients admitted to 80 health care organizations in the US were on STOPP criteria medications. 27 Tricyclic antidepressants are listed in both the STOPP and Beers criteria as a class of medications that can lead to serious adverse events including falls and/or dementia and/or cognitive impairment. According to the STOPP criteria, using NSAIDs with hypertension is considered as a drugdisease interaction and potentially inappropriate prescribing practice, while the Beers 2015 criteria do not mention this. Furthermore, the use of long-acting benzodiazepines is considered by both STOPP and Beers criteria as a PIM, and to be avoided regardless of the diagnosis, whereas that of short-and intermediate-acting benzodiazepines are regarded as PIMs in the Beers criteria only. Another difference is that the effect of first-generation antihistamines in causing falls is considered as a drug-disease interaction by the STOPP but not by the Beers criteria.
Conclusion
The combined intervention program comprising an educational intervention of updated evidence-based guidelines and clinical pharmacist intervention that targeted hospital physicians achieved a synergistic effect in avoiding PIMs among geriatric inpatients. Using the combined intervention would add a significant value to improve prescribing patterns in hospitalized geriatric patients.
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